~" The authors have studied 600 cases of spinal metastasis causing a neurological syndrome. The most significant statistical data are reviewed. The cases are examined according to clinical characteristics, type of primary tumor, site of lesion, and survival. Each of these factors influenced the choice and results of treatment. As a general rule, combined treatment (surgery and radiotherapy) was used. Preliminary surgery was performed as an emergency, designed to halt progression of the neurological syndrome and to prevent its more serious manifestations. The technique and usefulness of surgery are discussed for different situations and the shortterm results of treatment are related to the various factors involved.
S
PINAL metastases occur frequently in neoplastic disease; from 5% to 10% of cancer patients develop spinal metastases which cause neurological manifestationsfl' 10 We have personally studied 600 cases of cord or root compression caused by spinal metastases between 1965 and 1980. The review of our cases may be particularly useful as the data obtained is homogeneous, both for the material and for the methods used in analysis and also because all cases were followed up scrupulously.
Summary of Cases

Patient Population
We observed 600 patients: 500 of these at Neurosurgical Service A of the Sainte-Anne Hospital in Pads and 100 at the Institute of Neurosurgery and Functional Neurosurgery of the 2nd Faculty of Medicine in Naples. Of the total series, 313 were males (52%) and 287 were females (48%); ages ranged between 4 and 86 years. There was a higher incidence in the 5th, 6th, and 7th decades. The more frequent primary tumors were breast tumors in females (more than 50%) and lung tumors in males (more than 25%). In a large number of cases the spinal metastasis revealed an underlying neoplasia. The most salient statistical data are summarized in Fig.  1 . We shall discuss in detail the anatomical, clinical, radiological, and therapeutic aspects of these cases.
Anatomical Features
We identified four principal types of lesion based on the site of the metastasis and on its relationship to bone and meninges: 1) purely intradural lesions in seven cases (1.16%); 2) purely epidural lesions in 30 cases (5.00%); 3) purely (isolated) bone lesions in 62 cases (10.34%); and 4) associated or complex lesions in 501 cases (83.50%). Characteristics of the bone lesions of types 3 and 4 are shown in Table I . The incidence of lesions involving more than one vertebra is notably high; we have designated multiple foci of localization, even where only one causes the neurological syndrome. I~ The mechanism by which pure bone lesions cause neurological involvement originates with vertebral "collapse" (Fig. 2A) . Various mechanisms may cause associated lesions, including expansion within the spinal canal of a primary bone lesion, with a plugging or sleeve-like effect (Fig. 2B) ; direct invasion by an adjacent paravertebral focus (Fig. 2C) ; or extension of a paravertebral lesion (usually from a lymph node) via a connecting foramen (Fig. 2D) . Direct compression and neoplastic invasion of nerve tissue is the mechanism involved in epidural and intramedullary lesions. 9 
Clinical Features
In 166 cases (27.67%) there was an acute onset, with a delay of less than 48 hours between the manifestation of the initial symptoms and the appearance of the complete neurological syndrome (sometimes acute paraplegia). In 366 cases (61.00%) the onset was subacute, with completion of progression of symptoms within 7 to 10 days. In 68 cases (11.33%) the onset was insidious, with progression over an interval of up to 1 month from the early symptoms to the definitive neurological manifestations. There was correlation between the site of the lesion and the type of onset and progression of the syndrome, in that cervical lesions frequently evolved slowly and were less serious (especially at the beginning), whereas dorsolumbar involvement was usually more serious and more aggressive from the start.
Central or root pain was the presenting symptom in 366 cases (61.00%). Isolated sphincter disturbances were rarely the initial symptom, seen in only 14 cases (2.34%). In the remaining 220 cases (36.66%) the first sign was a motor deficit. The patients were divided into five groups according to neurological findings on admission and level of activity of which they were capable ( Table 2 ). Classification into these five groups not only gave early immediate approximate evaluation of the clinical gravity, but also was most useful in evaluating results and thus, in our opinion, was of great prognostic value.
Radiological Features
Radiological investigations carried out on these patients are summarized in Table 3 . Plain films and tomography of the spinal column were performed in all cases. Myelography using water-or lipid-soluble contrast media was carried out in all but 20 cases; in those 20 cases the patients' general or respiratory condition (mostly with pulmonary neoplasia) was so poor that myelography would not have been well tolerated. In these cases we preferred to use cisternal radionuclide myelography. In cases in which myelography via the lumbar route showed a complete block, the upper level of the compression was systematically investigated by myelography using suboccipital puncture. Radioisotope bone scan was carried out very frequently. This investigation is of great importance as it can reveal a metastatic lesion before bone changes appear on x-ray films. 16 We were only able to use computerized tomography (CT) in the most recent cases, and therefore these results are not relevant to this paper.
Therapeutic Features
Of the 600 cases seen, only seven (1.16%) did not receive active treatment. The other 593 (98.84%) underwent surgery, radiotherapy, or combined treatment (Table 4). In principle, the therapeutic protocol required surgery to be followed by radiotherapy. A decision was made during the operation (according to the needs of each case) about the extent o f the surgical excision, 6 as this treatment was to be palliative and preliminary to Table 2 .
radiotherapy. The main aim of surgery was to obtain spinal decompression and therefore this was considered to be an emergency procedure; in many cases, the opportunity of making a precise diagnosis at surgery was of prime importance.
Patients were treated by surgery alone if unfavorable progression of the disease did not allow radiotherapy to be initiated or if radiotherapy was refused. Two groups of patients underwent radiotherapy alone; they were 1) patients with a less severe syndrome without signs of spinal compression and with negative myelography, and 2) patients with irreversible Grade 5 neurological findings or those too ill to undergo surgery.
Surgical Treatment
The purpose of surgery was to decompress the spinal cord and nerve roots, not to attempt radical cure of the lesion, which would have been merely conjectural in most cases. The most logical approach seemed to be a wide laminectomy with removal of as much tumor as possible.17 Such a procedure extended to all involved segments, sparing articular processes where possible so as not to compromise further the stability of the vertebral column. Extraspinal spread was found much more frequently than expected from the diagnostic data: 25 it involved bone and paravertebral muscles, and often caused profuse hemorrhage. The site of the lesion influenced the surgical approach.
Cervical Localization. Of 90 patients with lesions located in the cervical region, 34 (37.77%) underwent surgery, followed in 29 (32.22%) by radiation therapy; 56 patients (62.22%) received only radiotherapy. There are two reasons for the high incidence of the latter mode of therapy in this group. Radiotherapy gave a satisfactory response for forms of the disease with cervical brachialgia without signs of spinal compression, which is one of the most common presentations of lesions at this site. The second reason is that the marked spinal instability associated with a cervical localization often precluded surgery.
The posterior approach was preferred on the whole in surgical cases. In four cases (1 1.76%) an anterior approach was used because the lesion was strictly confined to the vertebral body and was causing cord compression. The body of the vertebra was completely removed and replaced by an Ono-Tada metal prosthesis29 In four other cases (11.76%) with excessive instability of the cervical spine, laminectomy was combined with a fixation procedure using a Roy-Camille plate, 22'23 while in two cases (5.88%) fixation via an anterior approach was performed. The use of these surgical techniques was justified since the prognosis associated with the primary tumor suggested a relatively long period of survival. Dorsolumbar Localization. Of 503 patients with lesions located in the dorsolumbar region, 451 (89.66%) underwent surgery, and in 436 (86.68%) this was followed by irradiation; in 52 cases (10.34%) radiotherapy was used alone. The posterior approach was the route of choice for lesions at this site also, and in no case was the anterior approach justified. In 27 cases (5.98%) posterior fixation was achieved with a Roy-Camille plate. 2~ This was carried out in cases in which only one vertebra was involved, the pedicles of the two adjacent vertebrae were intact, and the type of tumor favored a long period of survival. In patients with intramedullary metastases, the operation was performed according to the methods described; the lesion was partially removed, while treatment and complete ablation were achieved by radiotherapy.
Radiotherapy
Radiotherapy was prescribed in 573 cases (96.62%). It was the only treatment used in 108 cases (18.21%) and was the second line of treatment, following surgery, in 465 cases (78.41%). Metal prostheses neither impaired nor influenced the performance of radiotherapy.
A total of 4500 rads was given in divided doses of 200 to 250 rads at a time, with four or five sessions per week. This was applied at the site of the lesion itself and to the vertebrae above and below the lesion. Radiotherapy was commenced when the scar from the surgical wound had healed, usually about 10 days postoperatively.
O u t c o m e
The results were analyzed in relation to four factors: type of treatment, grading, the type of primary tumor, and survival time. Patients were considered as "improved" if there was complete or partial regression of all clinical symptoms --pain and sensory, motor, and autonomic functions. Cases were classified as "unchanged" if the clinical status was not influenced by the treatment, and as "worse" if clinical manifestations progressed during treatment. The results were considered in the short-term (that is, immediately after and in the first weeks following treatment), independently of the general course of the neoplastic disease.
Following treatment, 44% of patients improved, in the short-term at the least, and progression of symptoms was halted in a further 41% (Table 5) . Based on what has already been stated about the selection made in the choice of treatment, we believe it is difficult to evaluate the results of surgery alone and radiotherapy alone. The third group, which received combined treatment, is homogeneous and, at least at the start, this type of treatment was effective in about half the cases.
The results of treatment in relation to the patients' preoperative neurological grade are shown in Table 6 . This analysis clearly shows that the preoperative condition influences the outcome of treatment. Grading according to our classification or other similar systems 1~ is thus of prognostic value. The advantages are confirmed of early emergency treatment in preventing progression of the clinical course and the onset of more serious irreversible clinical manifestations.
Short-term outcome in relation to some of the tumors most frequently found, and the mean survival time of these patients after treatment are displayed in Table 7 . The type of primary tumor was seen to influence not only the survival time and thus the definitive prognosis, but also to affect markedly the quality of short-term results. The more aggressive the tumor the less were the chances that treatment would improve the quality of survival)
The patients were divided into five groups in relation to survival time after treatment, and the short-term results were examined in the light of the period of patient survival (Table 8 ). The best results were obtained in patients with the most prolonged survival time. Since treating the spinal metastasis does not influence the final outcome of the underlying neoplastic disease, it must be remembered that the prognosis of the primary tumor contributes to the short-term results of treating the spinal lesion. This has already been observed with regard to the different types of tumor (see Table 7 ).
Patients who underwent early and complete therapy obtained a valuable advantage in a high percentage of cases. Their standard of living improved, confirming that aggressive treatment of these lesions is not completely disappointing, although the prognosis may be totally hopeless. Our findings are a little better than those of others reported in previous surgical series, and similar to those achieved in recent series by radiotherapy alone. 3,7,11 The usefulness of surgery and radiotherapy cannot be judged separately, because of the selection of the therapeutic approach; however, the combination of surgery and radiotherapy in our series provided the best results.
Discussion
The usefulness of surgery for metastasis is often a subject of debate, because by nature this treatment is not radical, and the results are often compromised by the progressive course of the underlying neoplasia. Vertebral metastases with neurological manifestations are worthy of special evaluation, however, because they cause serious morbidity and markedly compromise the quality of survival, yet do not necessarily represent a preterminal stage. 3,1~ Apart from the question of the expediency of treating these lesions, there is often discussion about the choice between surgery, radiotherapy, or a combination of both. 3'2~ This paper summarizes the results in 600 personal cases of cord or root compression caused by spinal metastases. The large size of this series is emphasized in Table 9 , which lists other published reports of spinal metastasis. Examination of our results shows this pathology to be susceptible to treatment, with a positive effect on the quality of life for the patient, even if it does not affect the final prognosis. Thus, we confirm that treatment should be systematically undertaken without unjustified pessimism.
In evaluating these patients, the short-term outcome of treatment is independent of age or sex, and is clearly influenced by the severity of preoperative clinical manifestations. 7'8'~~ Classification of patients according to neurological signs and consequent levels of independence is most useful because it allows an immediate judgment to be made of the severity of the disease, it is of prognostic value, and it indicates precisely the need for speedy treatmentJ ~ The clinical course of the neurological syndrome may be tumultuous, or it may proceed rapidly in steps starting from initially minimal disturbances. 9 Diagnosis of a spinal metastasis should be made as early as possible. This can be easy in patients with known neoplasia, if neurological manifestations are correctly evaluated at their onset; particular attention should be paid to the onset of pain, which may be the first sign. At the appearance of this sign, plain x-ray films and tomography of the spine may indicate the diagnosis in more than 70% of casesJ '9 Radioisotope bone scan is of preeminent importance as it can reveal a metastasis before any changes can be seen on radiographic examination of the vertebral column. 3'~6 Myelography is essential for choosing the best surgical approach and for accurately defining the lesion's anatomical characteristics. We have not used CT of the spine for very long but it will probably prove to be the most useful investigation for diagnosing this lesion. 9 The spinal metastasis should be treated in every case. We recommend the use of combined treatment (surgery and radiotherapy), especially in the light of our findings concerning the relationship between preoperative neurological conditions and the final outcome. In our opinion, only surgery is capable of offering the rapid ablation required in the initial treatment of both radiosensitive and radioresistant tumors, even if a more aggressive radiotherapeutic approach seems to promise as effective an outcome. '~176 Choice of treatment can be made according to three principal factors: the primary tumor, preoperative neurological grading, and the location of the metastasis. Consideration of these three factors facilitates a decision of whether or not to undertake surgical decompression prior to radiotherapy.
With regard to the primary tumor, the best results and longest survival times can be expected for tumors of the breast, tumors of the hematopoietic tissues, or those that are in a quiescent phase and not highly malignant. The aim of offering the most complete treatment possible determines the choice between preliminary or radical surgery, with more complex techniques than simple laminectomy when required. 7"13' 14,2~ Surgical treatment of the metastasis seems, from our cases, to be unjustifiable for certain highly malignant tumors, especially those of the lung, in which there is scant chance of obtaining good results]
The preoperative neurological grade is fundamental to the choice of treatment, and it enables general guidelines to be made. Grade 1 patients usually received radiotherapy alone. Surgical treatment was not justified since there was little neurological disturbance and often no medullary compression. Radiotherapy was preferable also because it efficiently relieved such symptoms as pain. In Grade 2, 3, and 4 patients, surgery for relief of compression and pain was preparatory to radiotherapy, which could then be undergone in greater comfort, with better functional status and with less risk of sudden progression of symptoms. Indications for surgery are more restricted in Grade 5 patients. We believe there cannot be consistent improvement after 24 hours or less following the onset of paraplegia. 3'7'~ Once neurological damage is complete and stable, surgery is useless unless it is intended for some other purpose, such as rhizotomy for relief of pain. Thus for Grade 5 patients, choice of treatment depends on the time interval since the appearance of more serious signs and symptoms.
The characteristics of the lesion have a direct bearing on the modality of surgical treatment rather than on the indications for it. 14 Lesions due to direct invasion of paravertebral tissues, however, are notoriously hemorrhagic and difficult to enucleate, 9 and thus prevent surgery from being effective. These lesions produce technical problems ~8 which further compromise the patient's poor general condition. Multiple lesions are another contraindication for surgery. The best surgical results are achieved with epidural metastases. This is probably because the mechanism of the neurological deficit in these cases is predominantly compression, as distinct from that of associated lesions involving the vasculature. 9 Consideration of these premises provides an understanding of the philosophy underlying surgical treatment. It must be carried out as an emergency proce-dure,17 as soon as possible after the onset of neurological manifestations. Its aim should be spinal decompression with removal of as much tumor as possible, not radical extirpation of the tumor. Its principal purpose is to ameliorate the patient's quality of life by improving neurological conditions and by the relief of pain. Laminectomy must be extended several spaces beyond the tumor spread. If the nerve roots appear to be involved, they should either be freed or cut. 1'17 The surgical methods may vary a little according to the segment involved.
There are few indications for surgery of lesions at the cervical level, because of lack of stability of this segment, so the approach required would be too complex. In the case of an isolated lesion involving a vertebral body only and a primary tumor with a relatively favorable course, however, surgery can be undertaken with a more radical purpose, providing both decompression and complete removal of the lesion (excision of the vertebral body followed by reconstruction with a prosthesis and arthrodesis) using an anterior approach. Where necessary, arthrodesis can also be performed following a posterior laminectomy; the deciding factor for performing this more complex technique is the prognosis. In the dorsolumbar region, only the posterior approach is justifiable. Posterior arthrodesis may be indicated in these cases too, with the same limitations.
In general, surgery should be as quick and as simple as possible, and cause little trauma, so that it can be accomplished under all conditions and without detriment to the patient's general status. It can then truly be considered to be minimal surgery. Extensive surgery, such as straightening the cord by implanting prostheses, removing the tumor anterior to the cord, or replacing vertebral bodies, may be the major operative goal in the future. 13.14.2o Whether radiotherapy alone might be the most effective treatment as recently suggested, l~ avoiding the necessity of surgery, is still controversial. 17, 28 It is worth stressing the fundamental importance of speed in both diagnosis and treatment. Our results, more optimistic than those of other series, probably depend on the fact that most of these patients were already receiving treatment or being observed at oncological centers for their primary neoplasia. 17 Neurosurgery was carried out at the onset of the earliest metastatic manifestations.
In conclusion, we must remember that even with these apparently optimistic results, we cannot presume to have influenced the final outcome of the disease. The scope of these operations is exclusively to offer the patients more comfort and a better quality of life. This policy has often justified intervention, even in hopeless cases.
